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ABSTRACT

The rocl<et-ejector mode of a Rocket Based Combined Cycle Engine (RBCC) was studied Ihrough a loin[
e.,qaerimental/analyt_cal approach. A two-dimensional variable geometry rocket-ejector system with enhanced optical
access was designed and fabricated for experimentation. The rocket-ejector system utilizes a stngle lwo-dm'_ensional

gaseous oxygen/gaseous hydrogen rocket as the ejector. To gain a systematic understanding of llle rocket-ejector's
internal fluid mechanic/combustion phenomena, expenmenls were conducted with both d_rect-connecl and sea-level

static configurations lora range el rocket operating conditions Overall system pedormance was obtained through
global measurements of w..dl stdl_c pressure profiles, heat flux prattles and engine thrust, whereas detailed fmxqng
and combustion information was obtained through Raman spectroscopy measurements of major species (gaseous
oxygen, hydrogen, nitrogen and w_ter vapor). These experimental efforts were compiomenled by Computational
Fluid Dynamic (CFD) tlowfield analyses.

INTRODUCTJON

Recent interest m low cost, reliable access to space has generated increased _nterest m advanced

technology approaches to space transporlation systems. A key to the success el such programs lies in the
development ot advanced propulsion systems capable of achieving tlle perfc_rmance and operations goals required
for the next generation of space vemcles One extremely promising approach Involves the combmatton ot rocket and

air-brealhing engines into a rocket-based combined-cycle engine (RBCC) Although there are several design

variations for the RBCC engine, the gamut ol concepls mcludes four llighl regimes, wz rocket-ejeclor, ramjet,
scramjet and all-rocket [1]. Of tl_ese four flight regimes, the rocket-ejeclor mode that encompasses the zero to

roughly two Mach number range of the flighl veh;cle, is the least well understood Studies el ,qBcc engine concepts
are not new and studies dating back thirty years are well documenled in the hterature. However, studies tocused on
the rocket-ejector mode el the RBCC cycle are lacktng

The present investigation utilizes an Integrated experimental and computahon fluid dynamics (CFD)
approach to examine cribcal rocket-ejector pedo_ma_,.;e issues. The experimental phase of thrs program incJudes
studying the mixing and combustion characteristics of lhe rocket-ejector system utilizing Roman spectroscopy _n
conjunction with heal flux, Slat_c pressure and thrust mea._uremenls. For th_s purpose, a b,vo-dimens_onal variable
geometry rocket-ejector system with optical access was designed and fabncated. Complementary CFD analyses
were also conducted 1o provide turther insight rote the rockel-ejeclor mode of operaIion.

In this paper, the experiments and analysis conducted for a _.Dtffuslon and AfterJ.l.l.12urning(DAB} rocket-elector
configuration [2] are presented and discussed. The experimental setup and CFD analysts methodology are
introduced first before the experimental/analytical results are presenled and discussed. 7inally, plans _or future
efforts are briefly dlscLtssed,

EXPERIMENTAL

The ex_aerirnentai configuration used for the rocket-ejector studies is based on the well known 1968

expenmentalrocket.ejector study of OdegaardandStroup[3] It _srecognized that advancemenls of both proprietary
and classified na'hJres have been made in the last IBilly years, however, thJs parlicular geomelly was chosen as the
baseline conhguralion because Jt represents the most comprehenswe set of dale available m the open literature. The
scope of the current study fS not to simply duphcate the experiments of Odegaard and S1roup, but to build on this
study by bringing to bear advances made in both diagnostic and analylical lechmques to document the flow
characlerishc,9 of the rocket-ejector mode of the RBCC engine.

ROCKET-EJE(_T..OR SETU_

A slngte rockel based optically accessible air augmented rocket-ejector system was designed and fabricated
for the experiments. Schematics of the ._etup are shown in Fig. 1 for both c...qrecl-connect and Sea-level _.talic (SLS)

Approved for public release, d, strlbution is unhmited.
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Fig. I. Rocket-ejector setups.

configurations. The design features a single two-dimensional gaseous oxygen (GO,_)/gaseous hydrogen (GHz} rocket
that is used as the ejector. A schematic of the rocket is shown in Fig. 2. The rockel-ejector system stresses
modularity for studying the important effects of preferred nozzle primary area ratios, primary-secondary pressure
maIching and thermal ct,uking. The two-dimensional design enables the easy change el tire rocket-eiector's mn×er

length, diffuser leng!h a_d angle, afterburner length and exit nozzle geometry. In addmon, the entire length ot the
duct beyond the exit plane of the rocket nozzle is optically accessible which enables the application of non-intrusive
laser-based diagnostics Theentrre _ystemis mounted on a toad ceit for thrust measurements and is equipped with
multnple static pressure pods and heat flux gauges along 1he vertical and horizonlal duct walls

]-he compac t rectangular cross-sectioned gaseous hydtogen/o×ygen rocket shown in Fig. 2 was de,signed
specdlcally tor stoichiometric GOjGH_ operation at 500 psia. The rocket injector body utilizes 6 shear coaxial
elements in a horizontal array and _a not aclively cooled• The internal dimensions o! the chamber section are 6
inches long, 3 inches wide and 0.5 Inch tall. The nozzle reduc_.s In a throat height of 0.1 inch and expands to a
height of 0.6 inch. The rocket chamber and converging/diverging nozzle sections are both actively cooled w_th water
during each firing.

the experimental resuks dnscussed in thrs paper were obtained tot the hxed DAB rocket-ejector geometry
shownm Fig. 1. IExpenments were conducted for bolh direct-connectandSLSconhgurations. For the direct-connect
experiments air was introduced into the system (see F_g. I (a)), whereas tor the SLS configuration, a twa-dimensional
inlet was employed (see Fig. 1 (b)) The mixer and dilluser length a_-o both 35 _nches whereas the internal width el
the duct is 3 inches. The internal height expands from 5 to 10 inches throughout th_ diffuser length, and the exit

.,¢ flg_..._..

Fig, 2. Schematic of two-dimensional gaseous oxygen/gaseous hydrogenrocket chamber.
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Table 1. Flow conditions.

.m

Rocke!

O/F

GO_ Flowrate (ibrn/s>

GH?. F.l.owrate (Ibm/s)
Chamber Pressure (2sin.)

Duct

Air Fie',',, [Ibrrv's)
GH_ Flow in Afterburner (Ibm/s)

Excess GH2 in Roc_:.et Exhaust (Ibm/s)

GO2 in Airtrow {Ibm/s}
O/F Between GO2 in Air and GH2 in Duct

Case 1

4
0.470

0.118
5O0

"_.57s
0

0.06
0.368

6.25

Direct-connect
Case 2 Case 3

..... 4 8

0.470 0.608

0.118 0.076
50o 5o0

1
I 2.016

-0

0,06

0.47
8

For SLS conditions, ejected aid]ow rate is measured. Items in italics were

nozzle of the air duct converges from t0inches to an exit height of 5
designed for optimum performance at 3n operation pressure of 500 psia at

Case 4

8
0.608

0.076
5OO

1 575 2.016
0.046 0.059

0 0

0.368 0 47

8 8
calculated aftei'e'x'

SLS

Case 5 Case6

4 8

0.470 0.608

0.118 0076
500 " 5oo

1.29" 1.24 °
0 0 046

0,06 0
0.301 0.29O

5.02 6.30
_eriments

inches. The single GOz/GHz
stoichtometr,c tlow conditions.

rocket was

ROCKET-EJECTQR OPERATING CONDITIONS

Six operating cor'd]tions were mveetlgated, details of which are summarized m Table 1 Tllese conditions
include both stolchiometric rocke'Jafle_burner and fuel-rich rockeb'no aftelburner operation for a fixed rocket chamber
pressure of 500 psia. Results of earlier exper_rnents conducted Iora similar rnalnx of flow conditions but at a lower
rocket chamber pressure of 200 psla can be found in Rats. 4 and 5. In Table 1, cases 1-4 are tot the direct-connect
configuralion whereas cases 5-6 are for the SLS geomelry. For cases 1, 2 and 5, the operating mixlute raho of the
rockel was four. For these three cases, lhere was no downstream introduction of GH2. The first two cases differ in

the amount of air inlroduced rote the system, whereas for the SLS case, mr _s ejected rote the system. For case 1,
the excess GH2 in the rocket plume depletes the GO2 in the air stream, whereas for case 2, the airflow is defined
such that the GO2 in the air can burn sloichiometllcally witt_ the excess GHz in the rocket exhausl. For cases 3, 4 and
6, Ihe operating GO2/GH2 mixture ratio was stoichiornetric The first two conditions {cases 3 and 4) d,tler m the
amount of introduced air. and therefore the bypass ratJe which Is defined as lhe ratio between the aidlow and total
propellant flow. For these two direct-connect cases, the alterburner was operational, with the ar'nount of injected GH,_
set to burn stoichiomelrica!ly with the GO2 in lhe air slream Tee additional hydrogen was injected _nto 111eflov.4_eld at
lhe usstream end el the aEeiburner lt_rough a series of 0.1 in. diameler holes. Seven I_oles spaced 1 in. apart on
each side of lhe duct prowded cross-stream inieclion of hydrogen at th_s location. Fir, ally, for the duecl-connecl

experlmenls (cases 1-4), tr_e _ntroduced a[dlow simulaled conditions el Mach 1 at 9400 tl and Mach 1.9 at 40.000 ft
for a nominal 1000 psi dynamic pressure lraieclow, whereas the use of an inlet allowed experimentation at SLS
condilions(cases5 6) These conditions ate the same as those tested lor the Odegaard and Stroup study [3].

It is noted that for the chosen rocker-ejeclor DAB geometry, viz. mixer, diffuser, afterburner and converging
nozzle tandem, near-stoichiometric rockel operahon with secondary combuslion in the afterburner is
U_em_odynam_caHy more efficient. Therefore. the flow distr,bution lot cases 3, 4 and 6 is expected to be more
efficient than the remaining three case_,-. The experiments with the fuel-rich rocket, i.e. capes 1. 2 and 5. were
conducted to a) provide design gurdat_ce for future Simultaneous _Mixing and Combustion (SMC) strategies where
thermal choking is ereployed and b] further Ihe experh-nental data base for CFO code refinement

_,AMAN SP_ECTROSOCPY SETUP

The mixing and combustion processes wilhin the rocket-ejector system were studied using spontaneous
Ramanspectroscopy. This technique has been ut,lized in the past at Penn State/or measurements of maior species
concentrations and temluerature in a rocket environment [6] For the present experiments, the iechmque was
implemented for line measurements of the malor species, viz. GH_, GO2, gaseous r_trogen (GN,2) and water vapor

{H2C)]. The setup schematic is shown in Fig. 3. A frequency doubled Nd:YAG laser, k---532 nrn, was used as the
excitation source The laser i0eam was passed vertically through the air duct in a focused line. The laser operated at
a short pulse length of approximalely 12ns and produced 750 mJper pulse. This fesulled in an energy flux that
exceeded the damage thr_.shotd of lhe quartz windows used to pass Ihe beam lhrougl_ the a_r duct. To overcome
lhis hm_tation, the laser pulse was slrelched by means of a beam splitler and pulse delay path length. This served to
stretch the pulse to nearly 30ns. Atlerlhe beam had traveled a]ongthe pulse delay path, the laser beam was then
directed vertically up to an elevaled optical rail that redirected the beam ever the top of the air duct. After the beam
passed throuclh a 1 m focusing lens, it was rellecled down through the mr duct by rne.ans of the previously rnenlloned
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Flg. 3. Top view of Raman spectroscopy setup.

sealed quaflz window, the local point el the laser beam matched lhe centedine el the air ducl and tl_e s_de wll'_dow
Through this window, |h,_ Roman mgnal was collected al 90 _' to the beam by an ICCD camera (12 bit dynamic range;

EEV CCD chip. 576x384 pixels) using either an _maging spect_ometer or species specific bandpass f_(ters w_th a t/1 2
50 mm fl Nikon lens. The spectrometer was used or_Iy at the first window location, 2.5 inches downstream from the
rocket nozzle exJl plane, and required 4x6 plxel binning tot image analysis. Beyond the first window, species specific
10 nm bandpass hirers were required due to lheir hlgl_er signal collection efficiency, and 4x4 pixel binning was used.
For the wavelength of Ihe laser used here (?,.=532 rim). the peak wavelengths for the Stokes vibrational Q-branch

Raman signals from GO,_, GH_, GNz and H20 are 580, 680, 607 and 660 nm, respeclively [5,6J. For each firing, the
collected Roman signal was then sent to a personal computer for storage and eventual analysis. The test duration
was sol for 4seconds of steady state combustion. Within this liming sequence, each firing prowded 15-20
instantaneot,s Raman images. The laser operated at 10 Hz, but the camera readout fate slowed acquisition to

approximately 5 Hz. Images were Ihen discarded or retained based on image quaHy Images that had pixel
saturation in any region were not included In the averaging process. The technique was applied for making species
measurements at the first four window locations downstream of the rocket nozzle exit plane• The goal was to
establish at what location the flow of the ejecto_ was fuIly mixed w_th the air and at what location any excess GH2 had
boon oonsHmod.

CFD METHODOLOGY

An m-house CFD code. viz. __D_agonahzed U_pwmd Navier Stokes (DUNS) code capable el computing
turbulent combustion tlowfields lyp_cal of RBCC rocket-elector flowfields was used Since the descriplion of Ihe code
[7,8] i9 beyond the scope el this paper, only the key salient fealures are described. The code has the capability to
handle complex geometries through a general multi-blocking strategy for computing the preco_ditioned Navier Stokes
equations for laminar and lurbutent tlowfields. ]he turbulence model _s the lwo-equatton, viz. q-(0, low Reynolds

number model developed by Coakley [9]. The code employs the Alternating Direchon Implicit (ADI) scheme I10]
diagonalized using the procedure of Puliiam and Chau._see [1 lJ In reduce CPIJ and computer storage requirements
The code uses a cell-centered, finite-volume approach and has the flexibility of modeling the convective terms as 1=.

nd r_ , _h ....order upwnd, 2 order upwind. 3 -order upwmd-b_ased or 5 -order upwmd-b_asedd_flerencmg• An ophon to invoke
Total Variation Diminising [TVD) flux evaluations is available for the 2"_-order upwind and 3'°-order biased
differencin 9 in o,_der Io cleanly capture sharp gradienls in the flowf_efd The diffusive terms are modeled with 2 "'_-
order central differencing. The DUNS code achieves time-accuracy through the use of a duabtirne stepping
procedure. This procedure enhances the robuslness el the code especially for steady stale problems for which
reasonable initial solutions are not available.

The combusiion model employed in Ihe DUNS code _s the 9-species, 18-step oxygen/hydrogen chermstry
model. However. initial tests of the multi-step reaction mecl_ams_n revealed convergence difficulties and non-physical
solut_ona Based on these initial difficulties, initial computations repo_led m this paper were pedormed witl_ a single-
step reaction mechanism. Th_s single step mechanism provides a convement method ot qualitatively adding heal to
Ihe flov,theld based on Ihe local presence of o,'o/gen and hydrogen. Tl_e actual heat release was controlled by
adjusting the heat of formation of water. The vahm of th,_ h-at of formation was determined in an iterative manner by
using the CEA code [12j for equilibrium chemistry at the specified mixture fracllon ratios and approximate flow
conditions. The _terative procedure indicated float reducing the heat of Iou'nahon of water by appfox]malely 22% for
the single-step reaclion mechanism yielded temperatures comparable to CEA pred_cl|OnS



RESULTSANDDISCUSSION

Grobalmeasurements_ntermso1axaalstaticpressureprofiles,wallheatfluxprofilesandenginethrustwere
madeforallsixcaseslistedinTable1. Oetailedmeasurementsofthemajorspecies(gaseousO2,H2,H.,.OandN2)
concentrationsatvariousaxiallocations (window locations; please see Fig. 1) were made to characlenze tt_e mixing
and combustion between tl_e supersonic rocket exhaust and subsor_ic alrstream for all the direct-connect
configuration cases (cases 1-4) and the sto_chiometric rockedafterburner SLS case (case 6). For the SLS cases, the

elected airflow rate was inferred from hzgh accuracy static pressure measurements in the intel section. The elected
alfllow rates for cases 5 and 6 are else labulated (and highlighted) in Table 1

In the following sections, these experimental results are presented and compared with complementary CFD
flow't_eld predictions.

GLOBAL FLOWFIELD DESC[qlPTION

Inspection of ll_e CFD predictions for the SLS fuel-rich rocket/no afterburner case (case 5) prowdes a global

qualitative description ot the flo'Mield within the rocket-ejector system. The Mach number, temperature conlours as
well as both the hydrogen and oxygen mole fraction contours are shown in the four inset graplls el Fig. 4. For each
inset graph, contour levels are shown for ;lie er_tire rocket-ejector geometry as well as for the near rocket exhaust
region. The Mach number contour plot shows the mixing of the supersonic hydrogen-rich rocket exhaust with the
subsonic alrstream in the mixer section of the rockel-ejector. The close-up Mach number contour plol shows lhat the
flowfield m the nozzle expansion section is well behaved and the existence of a recirculatlon region in the lip area of
the nozzle. The corresponding, temperalure contour plot indicates Ihat the flow approaches near complete mixedness
at the start of the diffuser section. The mole fraction plots of hydrogen and oxygen also Indicate that cor_lbustion
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F'lg. 4. CFD predlctlon_ for the luet-rich rocket/no afterburner SI..S ca_e, (case 5, Table 1). For each Inset
graph, contours are shown for the entlre flowfleld as well as for the near rocket exhaust region. Please note
that dimension9 ere In SI units(L=meter; T--Kelvin).
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between the excess hydrogen in the rocket exhaust and oxygen _n the aJrstream nea[s completion by the end ot the
mixer region The CFD predictions for case 5 discussed here and for the other cases indicate qualitatively that the
mixer length i9 "appropriate" for achieving complete rnixing and combuslion.

The CFD predictions for the SLS conditions were also integraled to estimate the airflow ejected by tt)e
rocket. For the flow conditions of case 5, the CFO calculaikons indicate that 1 15 IbnVs ot a_r is elected which
com!uares reasonably well with the experimentally measured result of 1 29 Ibm/s.

.MIXING AN{_ gOMBUSTION RESULTS

Raman spectroscopy measurements of the major species in the tlovzfield were made at the window Iocateons
m the mixer section of the rocket-eiector setup for all the direct-connect cases and the stoichiometnc

rockeL,'afterburner SLS case. At each window Iocalion, multiple instantaneous measuremenl8 were made for each
species. These measuremenls weJe II_en averaged and analyzed to obtain specJes concenlrat_on profiles for each

species. Several aulhors i13-15] have reviewed the theory of Raman spectroscopy and ils usefulness in rnakmg
species and temperature measurements: therefore, only a brief description of the anarysis will be given here. Eq. 1
shows how the Raman signal intens_ty relates to the individual species mole fractions and the overall gas
temperature and pressure.

s,.= I,ifi (!)
S,= Raman Signal Intensity
k, = Signal Colrection Constant
f,(T)--- Bandwidth Factor
tlJ = Species Number Oensity
In terms of species' mole fraction,

x i
x. = -_ (2)

li( 1)1_, [_-_)

The signal collection constant, k,, is obtained from cold flow measurements of pure species through the rocket body.
With temperature and pressure equal to arr_bient conditions, the appropriale Raman signal was collected, mole
fraction and f,(T) were set to unity, so then the sole unknown in Eq. I was k_. This signal collechon constant was then

applied to the hot fire analysis. For hot fire conditions, the Rarnan signal was again collecled, but species' mole
fraction, the species' bandwidlh factors and temperature ,,','ere not known. The bandwidth factor term accounts for

variation in the fraction of total SCaltered signal. It depends on spectral location, shape and bandw=dth ot the
detection system, f,(T) was calculated from a polynomial curve lit theoretically delermlned [16] for the range of
lemperalures e.'qaected in these experiments, 300K-3500K The final analysis lhen required an iteration based on
lemperature. The temperature vvas varied until the sum of the four spec_es' mole fractions was unity, using Eq. 1 and
the four bandwidlh factor polynomials. Th_s _teration ,,',,as done for each of the vertical pixel locations in the Rarnan
signal lield of view in order to return corresponding temperature and mole Iraction pretties within the duct.

The final results for two cases, viz. case3and6, are shown in Figs. 5and6, respeclivety Recallthalboth
cases are for stoichiometnc rocket operation with tile afterburner on Case 3 _s for the direct-connect configuration
whereas case 6 is for tile SLS geometry. In both figures, the mole fractions of only nilrogen and water vapor are
shown for clarity. Measurements were aloe made for hydrogen and oxygen but are not shov,'n here. Inspechon of

the mole fraction plots of nilrogen and water vapor at the various axial measurement locations shows the rnixmg
between the rocket' exhausl and airstrearn. In both figures, the ax:J31 locations are Jndicaled wilh respect to distance
from the rocket nozzle exit plane. The axial locations non-dimensJonalized with respect to botll the rocket nozzle ex;t
height, h, as well 3s the duct height, d, are also indicaled The n_lrogen and water vapor mole fraction profiles for

both cases 3 and 6 show that mixing is complete at or before the lourtll axial measurement location (x=23.5 in.;
x./h=39.2, x/d=4.7). Similar resulls (not shown here) for the fuel-rich rocket/no afterburner cases (1 and 2) show that
all mixing and combustion phenomena are complete within the fifth axial measurement location (x=-30 5 in.: x/h;50.8.
x,'d=6,t ).

GLOBAL RESULTS

Global results in lerms of axial static pressure profiles, wall heat flux and engine thrust were obtained for arl
the cat.es listed in Table 1. For each hot fire test, statGc pressure and heat flux measur,ernents were also recoa'dcd.

The static pressure values were recorded through 16 channels on both the side and top wall of the air duct.
The values were acquired at 6 Hz and averaged over the steady slate combustion period. ]'he heat flux
measurements were acqu_red at 200 Hzusing muItlple0.Sin, diameter Garden ileal flux gauges. Measurements
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Result9 shown are for fuel-rich rocket operation for both direct-connect (cases t and 2) and SLS (case 5)
configurations. Note that for the SLS condition there Is an Inlet for the rocket-eJeclor system.

were made along both the side and top warls for all cases in Table 1. A select set of these measurements ate
discussed in this sub-section

Axial static pressur_ #rofilea within the duct for the fuel-rich rockeVno afterbuzner cases (cases 1, 2 and B)
are compared with tha CFD code predictions in Fig 7 The experimental results for the fuel-rich rocket cases show a
decrease in the static pressure in the mixer seclion resulting from combustion between the fuel _n the rocket exhaust
and the airstream, In the _'iffuser section, the static pressure increases until tt reaches the second constant area
section. Within this conslant are3 section, the static pressure remains relatively constant. Finally, as expected, the

flow accelerates in the converging nozzle, and consequently, the static pressure droDs accordingly.
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The experimental results and tile CFD predictions agree
qualitat;vely In terms or overall trends, however,
quantitative agreement is not very goc.d.

The wall heat flux profile measurements for

case 6 is shown bn Fig. 8. Wall heat !',ux rneasureme_ts
lor both the top wail and the side wall are deptcted in the
figure. Since the rocket exhaust grazes tile side wa:Ts
along the central axis of the rocket-ejector system as it
mixes wtth the cold air Irom the too and bottom, the
highest heat flux levels are measured on the side wall
just downstream ol the fockel plume As the rocket
exhaust and airstream mix with downstream distance m
the mixer the section, the wall heat !;ux levers for the

side and lop walls approach each other. Stmilar
qualitative trends were also noted for the remam:ng
cases.
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l'tg. 9. Thrust versus time ITaCe_ f+)r all direct-connect

ca_cs (c.'=ses l-4, 'Fable 1).

Time traces of the thrust achieved by the engine for all the direct-connect cases (cases 1-4) are strewn in
Fig. 9. As expected, the measurernents show that for both the stoichiometric rcckeVaflerburner and fuel-rich
rocket/no afterburner flow conditions, lhe thrust level increases with bypass ratio (increased airflow). Also as
expected, the thrust results clearly st_ow that for this DAB geometric configuration, the stoichiometric rocked
afterburner flow conditions have higher thrust revels than that ot lhe fuel-rich rocket/no afterburner cases

The experimental results presented here tndicat_ that for the stoichlometric rocket operation cases, rnix:lng
between the rocket exhaust and airstr£am is near cc_plete within tl_e fourth wtndow location from the rocket nozzle

exit plane. In terms of non-dimensional units, mixing is near comptele within an axial distance of roughly 39 rocket
nozzle exit heights or roughly 5 duct heights. For the fuel-rich rocket cases, the axial distance for near comp;ete
mixing and combustion is sIighl]y longer These measurements in concert with the global measurements of static
pressure profiles, wall heat flux pretties and engine thrust provide insight on the fluid dynam+cJcombustlon processes
within the rocket-ejector system.

SUMMARY

Raman spectroscopy was a?phed to study tl'e mixing 31',d combustion characteristics between 1he rocket
exhaust plume and the a_r stream _n an opticalty-access;ble hydrogen/oxygen rocket-ejector system. Experiments
were conducted lor both direct-connect and SLS conflgurat_ons for a fixed rocket chanlber of 500psia Results were

obtained for cases where file rocket mixlure rat_o and overatl bypass ralio was varied These results were
cornplemented by pressure and heat tlux measure_r, enls to form a complete data set that is being used for
anchoring/validating CFD modelo.
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